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Abstract
Project investigators sought to determine the resiliency of the winter cereal legume intercrop system in
relation to agronomic management and to try to predict legume establishment.
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Q How can we determine the resiliency of the winter cereal-legume intercrop system to agronomic management? 
 A Researchers found that the intercrop is highly resilient to agronomic management and the most important agronomic 
decisions are the winter cereal variety and legume used in the 
intercrop system.
Background
Incorporating winter cereal grains into the north central United States corn-soybean 
system could extend the rotation and increase yields of subsequent crops, build soil 
tilth, reduce erosion, and improve nitrogen capture. Addition of a legume intercrop 
decreases the fallow period after grain harvest, creates a forage crop to utilize solar 
energy, and provides nitrogen to subsequent crops as a green manure. The presence 
of a legume forage crop during the traditional fallow period has been reported to 
promote populations of beneficial insects and suppress weed growth and red clover 
has been successfully frost-seeded into winter cereals. However, winter cereal species 
effect on the productivity of the interseeded legume has been variable. Additionally, 
interseeded legume effects on grain yields have been inconsistent. To improve 
season-long management and select cereal varieties that are compatible with red 
clover and alfalfa establishment, we need to better understand what drives legume 
survival and productivity in the intercrop relationship. 
Original project objectives were to: 
1. Determine winter cereal grain plant canopy traits that contribute to successful 
forage legume establishment using frost-seeding, and 
2. Develop a predictive tool for selecting high-yielding cereal grain varieties 
suitable as companion crops for forage legume establishment.
Approach and methods
Two separate experiments were conducted to measure the resiliency of the cereal-
legume intercrop system. The first study measured the effect of winter cereal on 
red clover and alfalfa establishment and productivity from 2005 to 2007. In March 
of each year, two red clover varieties and one alfalfa variety were frost-seeded into 
three winter wheat and three winter triticale varieties selected for differences in 
maximum leaf area, plant height, and dry matter. A second study evaluated wheat 
and intercropped red clover productivity in intensive, moderate, and no-tillage with 
and without compost amendment in a corn-soybean-winter wheat/red clover rotation 
across six years (2005-2010).
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Results and discussion
In the two years with legume data, cereal affected legume dry matter both years. 
Cereals with higher leaf area generally lowered legume dry matter. Among the three 
legume varieties tested, dry matter production 40 days after cereal harvest was 33 
percent lower in alfalfa compared to ‘Cherokee’ red clover, averaged across years. 
The presence of a legume intercrop did not affect cereal grain yield and reduced weed 
number and weed dry matter 40 days after cereal harvest. 
Results from the first study suggest producers implementing this intercrop may 
select cereal varieties based on grain yield, but must be cautious of varieties known 
to produce above normal leaf area values because of the potential to reduce legume 
productivity. Additionally, alfalfa established using this intercrop system may 
produce moderately lower dry matter yields in the establishment year compared 
to red clover. Cherokee red clover produced consistently higher dry matter than 
‘Marathon’ red clover in this study. 
Wheat yields averaged 59 bushels/acre across the six study years of the second 
study and were not affected by tillage system or soil amendment. Red clover plant 
number and dry matter at wheat grain harvest also was not affected by tillage or 
amendment treatments during the six-year study period. Producers using this wheat/
red clover intercrop should expect similar wheat yields and red clover productivity 
when utilizing intensive, moderate, or no-tillage practices with or without a compost 
amendment.
Frost-seeding red clover into winter cereals is generally considered an efficient and 
cost-effective method of establishment, yet information regarding establishment 
under different soil management practices is limited. 
Modeling legume plant numbers to predict legume stands before cereal harvest can 
provide producers with important information about the success of frost-seeding. 
Light transmittal through the canopy to the legumes is a critical factor to include 
in the model, but proved challenging. Model prediction accuracy was high when 
leaf area index values were available. However, model application beyond the 
development years without leaf area data decreased accuracy and suggested that 
additional factors beyond intercepted light may be influencing post-harvest legume 
densities.
Expansion of these models to red clover varieties of similar origin or other alfalfa 
varieties may be possible, but limitations must be applied until factors influencing 
initial legume establishment and their application across varieties and species 
are better understood. Researchers found that the intercrop is highly resilient to 
agronomic management and the most important agronomic decisions are the winter 
cereal variety and legume used in the intercrop system.
conclusions
A major component impacting prediction accuracy of these models is the initial 
legume stand density. Factors influencing initial densities potentially may be related 
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to frequency and duration of frost events after seeding, quantity and timing of spring 
rainfall, possible seed predation, or other environmental factors. These factors could 
be areas of further investigation and possibly improve prediction accuracy. 
Soil management is one potential factor influencing initial spring densities. Chisel 
tillage resulted in more consistent yields of wheat and red clover in all years. The 
application of compost reduced red clover shoot dry matter. Although statistical 
differences were not detected, compost-amended wheat produced higher grain yields 
in two of three red clover production years. The impact of compost on grain yields 
also may have resulted in a more competitive companion crop that limited red clover 
dry matter. 
Producers should achieve similar red clover densities and dry matter using this 
intercrop in reduced tillage systems. However, they must evaluate the tradeoff 
between the positive effect of compost on corn and soybean in the rotation and the 
potentially negative residual effect of compost on red clover dry matter production. 
Impact of results
Results from the project support the potential to diversify Iowa agriculture using win-
ter cereals with interseeded legumes. Iowans can use the results of this project to help 
them select winter cereal and legumes, and to assess the annual variability and risk of 
using a winter cereal and interseeded legume under varying agronomic management.
More work is needed to predict legume plant densities before cereal crop harvest 
because the current prediction tool requires information that may not be readily avail-
able to the producer or would require the producer to collect information that he/she 
may not be able to easily collect.
Education and outreach
The investigators shared the project results at six producer-oriented meetings. 
Meetings were coordinated by Practical Farmers of Iowa, The Sustainable Working 
Group in Nebraska, and Iowa State University Extension. Two scholarly papers are in 
progress and one is under review by Agronomy Journal. (See Singer, J.W., 2009. Red 
clover interseeded into small grains makes cents. The Practical Farmer 24(6):17)
An ISU Extension fact sheet PM-2025 contains information from the beginning of the 
project and is available at:
https://www.extension.iastate.edu/store/ItemDetail.aspx?ProductID=12261&SeriesCo
de=&CategoryID=19&Keyword=
leveraged funds 
No additional funds were leveraged by this project.
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